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PREFACE 2
This report documents the processes by which the US Army Engineer Water-

ways Experiment Station (WES) Shallow-Water Wave Model (SWWM) was applied to

the Atchafalaya River Delta Study to simulate a 1-year wave climate. The work

described herein was funded by the US Army Engineer District, New Orleans.

The study was conducted under the direction of Messrs. H. B. Simmons

and F. A. Herrmann, Jr., former and present Chiefs of the Hydraulics Labora-

tory; R. A. Sager, Chief of the Estuaries Division; W. H. McAnally, Jr.,

Project Manager; and J. V. Letter, Jr., Task Coordinator. This study was

performed by Dr. Robert E. Jensen, formerly of the Wave Dynamics Division

(WDD), Hydraulics Laboratory, under the direct supervision of Dr. R. W. Whalin

* and Mr. C. E. Chatham, Jr., former and present Chiefs, WDD. The WDD and its
personnel were transferred to the Coastal Engineering Research Center (CERC),

WES, on 1 July 1983, under the direction of Dr. R. W. Whalin, Chief of CERC. .7 a

A special acknowledgment is due E. M. Seeley, M. J. Kasper, and E. C. Stiles

for typing the original manuscript, and B. F. Vavra and M. B. Habeeb for

coordinating all activities with the final publication of this report.

Commanders and Directors of WES during the study and the preparation and

publication of this report were COL John L. Cannon, CE, COL Nelson P. Conover,

CE, COL Tilford C. Creel, CE, and COL Robert C. Lee, CE. Technical Director

was Mr. F. R. Brown.
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CONVERSION FACTORS, US CUSTOMARY TO METRIC (SI)
UNITS OF MEASUREMENT

US customary units of measurement used in this report can be converted to

metric (SI) units as follows:

Multiply By To Obtain

feet 0.3048 metres

feet per second 0.3048 metres per second

knots (international) 0.514444 metres per second

miles (US nautical) 1.852 kilometres

square feet per second 0.09290304 square metres per second

. 3

* S

-i,- . . S * *-* 7i 7 .--.-



LLj

u

con

co

co

/ ~4

"U on

/ .f 0 - -r- ~( ccc

LUu

Lift
tc -Al

-- " 0 -



THE ATCHAFALAYA RIVER DELTA

".'.'.- WAVE HINDCASTS-.--

PART I: INTRODUCTION

Background

1. Wind-driven water-wave motions in Atchafalaya Bay are thought to pro-

vide the energy necessary to place bottom sediments into suspension where they

can then be transported by wind-driven or tidally induced currents. Within a

--- shallow-water bay or estuary, where wind-driven currents are a major contribu-

tor to the hydrodynamics, wind-wave motions become more important. Therefore

quantification of the wave climate in Atchafalaya Bay becomes a critical ele-

ment in the overall objective of the Atchafalaya River Delta investigation.*

A 1-year wave hindcast at 10 locations was performed to determine the climatic

variability. This information will be employed in a two-dimensional numerical
'" model for sediment transport to compute deposition and resuspension of bottom

*sediments.

2. Results from the wind-field analysis task of the Atchafalaya River

Delta investigation indicated that winds measured in the bay during the period

1981-1982 were very typical for the area (Ebersole 1985); hence it is reason-

able to assume that during this time the wave climate should be characteristic

of those which normally occur. With the wave conditions estimated for a typ-

ical year, it can be inferred that historical changes in the bay can be based

. .on the 1-year wave climate. The extreme wave events, such as the 10-, 20-, or

* _50-year event would not be identified because of the limited data source of

1 year.

3. A wave monitoring program was established to estimate existing wave

conditions at three locations in Atchafalya Bay (Figure 1). These results

were used to verify an existing finite water depth spectral wave model. Once

verified, the model was employed to compute wave information in the bay for a

1-year period using prototype wind estimates as a forcing function. The final

* W. H. McAnally, Jr., and S. B. f{eltzel. 1978. "A Plan for Predicting the

S"Evolution of Atchafalaya Bay, Louisiana" (unpublished), US Army Engineer
Waterways Experiment Station, Vicksburg, Miss.

*. ". . ' *" . " "• "". •".. . . ". '-,'... .. * * ,' . .'' . "'. '''.\..''. ".* :" . -'.'. .... ' ' . """ ,



t unctL ioils for a given station. Ait hough t his f oriiIat ion removes ai tempo ralI

va r it ions in t Lhev wa ve I i mate it presents thlt inflormat ion in a miore manage-

able f'orm. The t iiie-histoii eS Of the wajve condi ons (wave hight , period,

and di:rect, i or) o f waive 1)rop~aga t i on eve ry i h r )at eaiCh st at ion IlOCa L iOil have

heeno sa vtd on ia goe tc L ape ic, r futuare a naly s is.

Objective

4.. Trhe object ive of- the overallI project, is to develop a set of tools to

predict. the evo'luLtion of thre Atcha fa Iaya River delta anld the ef[fects of that

evolution. One Of 0hose elffects is discussed ini this report. The objectives

in (Il niticat ion of tht- wave ci imatc are:

a.Primary objective. Develop and employ an accurate spectral wave
model1 t ha t incli ides wave growth and the mechan isins i nvolIved in
finite water depth wave transformations. Calibrate and verify
the spectral wave model based on prototype restilts. Once veri-
fied, generate ai 1-year wave cl imatology for the Atchafalaya Bay
'irea .

h . Socon da ry~oIjectives.

(I1) Anialyze measured wave information to establish a baseline to
estimate the confidence limits in the computed wave results.

2) lDetermine from exist ing measured wind and wave information
the extent of the effect the Guilf of Mexico has on the
Atchafalaya Bay wave climate.

(3) Evalu tte growth rate relat ions based] on prototype wave in-
format ton in finite water depths.

6
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PART II: MEASURED WAVE DATA

5. In the fall of 1981, a wave gaging program was initiated in the

Atchafalaya Bay area. Three pressure-type wave gages were deployed at the

positions shown in Figure 1. The wave gages were self-contained pressure-

sensing instruments (SEA DATA Model 635), mounted on the legs of existing off-

shore platforms as close to the bottom as possible. The gages were synchro-

nized, thus measuring wave conditions at virtually the same time.

6. The sampling interval for all gages was set at 1.0 sec, and the total

sample record was 1,024 sec, obtaiued every 3 hr. The Nyquist folding fre-

quency for a sampling rate of I sec is 0.5 Hz (2.0 sec); for waves with pe-

riods slightly above 2.0 sec, aliasing of spectral energy can become a problem.

However, water depths in which the gages were placed acted as low pass filters

and only frequencies greater than 0.6 Hz remained unresolvable, reducing the

problem of aliasing to a minor effect.

7. Data tapes were retrieved from the gages and returned to the US Army

Engineer Waterways Experiment Station for processing. Wave spectra were com-

puted via a discrete Fast Fourier Transform (FFT) and converted from a dynamic

pressure spectrum to a free surface spectrum according to linear wave cheory.

The spectral energy density* of the sea surface is related to the pressure -.

spectrum in the following manner:

r-,,2
f - 'cosh (kd) ()

s() Lcosih (kh)j -p

where

E (f) = free surface energy density spectrum
S

k = wave number (equal to 2n/L where L is the wavelength) de-

fined at each frequency f , at a given local water depth d

d = height of the pressure sensor above the bottom

E (f) = pressure spectrum

1he computed spectra (E (F)) are only approximations to the wave conditions
s

..*.. that exist ajt a given period of Lime and become dependent on the selection of

-2;'. a partic(ular analysis procedure. If a t, niform technique is used for wave data

In actial applitation, the term E doets not have the tnits of energy but
*I rather of length squared. This will apply to all variables called energy

o iritl i n t hi s report

S.7



analysis, viriation in E (fJ will1 ret Iect the variait ion ini the 'iec nt.

8. The characteristic wave hei~ght If car. t hol h, CoiipiiLed Wherte

'1110

If 10 Es / (

where

At =s amplIinrg i n tervalI equalI to 1 .0 sec

T =record length equal to 1,024 sec.

The peak spectral wave period is defi ned bv

p f P

where f frequency at which tine maximum spectrcal energy ocv urs.

9. Certain criteria were established to determine the validity of the

measured wave intormation derived from t-he pressure gages. During periods of i

time when ext remnelIy low energy levels were recorded, the FET routine emptoyed

in the analysis would indiscrimninately place 90 percent of the spectral energy

density into the first finite frequency hand (0.0044 H~z). A peak spectralt

wave period of approximately 227 sec Would signify 'ha-I" or nonrepresentative

wave iniformat ion. These results were set to zero and ignored in the remaining

analysis.

10. The transformation from a dynamic pressure spectrum (determi ned

f rom thfe tinie-history) to a free Surface spectrum can also lead to erroneous

resulIts . A measure of the uincerta inty is found by an energy ratio given b%7

E (f)

Er (
E (f)

whe(re t lie ove rha r s i gn i I ied a we i ghtedl ave rage over t he f'requencyv doma i ri . The

bicketeid tem in Equit ion I hecoiies very I ange for certa in waiter depths anid

f ri'juenc, i es . Any error I omii in E- M wonuId he amp IifCi ed in E f Im ased

12L i :l ( kh J
Inhe uitof I he t ween 'good'' iand 'bad'I wa ve i n forimat i on cain he me Ia t ei t o t hie

d~ I i t V I thle wa ve t heo ry emnplIov-1( to t rijri sf oini 11 If) to F I A va I in'



of 20.0 or greater Wou Id indi cate that notinearitLies exist and the present

* techniques would not be adequate to resolve the tree suirface spect rin from

pressure measuirements. Al though there was a certain amount of subject ivity

associated with the select ion of the cutoff limit, it didi provide a uni form

* ~st anda rd to reduce the numbie r of po teunti ally i rivali d wave resul Its.



PART III: WAVE HINDCASTING TECHNIQUE

11. To accurately describe the wave climate within Atchafalaya Bay, two

types of techniques can be employed--wage gaging and wave hindrasting. Al-

though a network of wave gages eventually would provide a good data base, the

expense involved to provide detailed coverage over the entire Atchafalaya Bay

region would be prohibitive.

12. A viable alternative to comprehensive wave gaging within the bay is

*to hindcast the wave climate throughout the region (if interest. Given enough

measured wave data within t.he area, a wave model canl be cal ibrated and yeri-

tied. Once the verification process is complete, the model ran be applied to

* other locations within thie full extent of the study area (assuming that the

physical processes affecting one location are similar at other locations).

Sjince three wave gages were deployed in different regions and sufficient wave

data were obta inedl at each, it was expected that model replication of results .

at thev three si tes wouldi infer accurate results throughout the bay. The only

assumpt ion governing the modlel is that wind condi tions remain uniform in both

speed arid] direction over thie entire Atchafalaya Bay. Results from the wind

field analvsis indicate that this assumption is valid (Ebersole 1985).

13. Naumv different techniques are presently available to hindcast wave

* characteristics. These techniques can be subdivided into three categories:

(a) emp ir ical, (b) pa rame tri-c , and (c) nume ricalI. A detailed description of

these techniiqujes can be found in Hs iao (1978) and Vincent (1982). A new wave

model, the Shial low Water Wave Model (SWWN), has been successfully employed in

tv'c previous studies (Garcia and Jensen 1983, and Jensen 1983a) . The key to.-

tLhis niew appritacli is that the resul ting wave condi tions are generated by trains-

tblIIntin mI(. htanl sills ratfier thian transforming wave condi tions dujring wave

1)irop'ligit I off. toipu tat I ofila I I v, itL i s mo re e fIF ic ient t o t ra is f orm wave cond i-

f I inijs fI om otio I 'pea L in to thfe nextL rajthle r t han s iiulI taneoms ly p)ropaga t ing and

L rd iet () Inm I g set~ Ls ) wa ;t conh t i .its f romi po in t t o po int i n a rect angulIa r grid

jv;~i s is dorie I i itmiur Ii I Ili(-t hois (Fo r exmp I e ,Res io 1981 u. The SWW M
* ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 2 -uli' e'~i~h i ureur~ rn is, sav isoa i rg, energy dissi -

pwit iI ros;I11Lt .s, li r1i 1i)em , )tIO tuuu Irict,,Oni effoct-s, and wave breaking.

i~i iuetri~it n ur heisu;I,'e evulujatcd l j :muri t r icall y, whiile the rema in- -

In u ri I).i i.(uu 1 'I(t ijiii n iii u l ,lly derived relit it-s. [hlle th1e o -

hi'i' i dt ) iui lo Il f it, ~ - i I I c I % 1 1 'el I' bei I o

10,
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14. lasselmann et al. (1976) introduced a parametric model of wind-wave

generation relating the rate of energy growth to nondimensional characteristics

of the wind field. The energy growth (in space or time) is governed by a self-

similar process and verified through extensive prototype data (Hasselmann

et a. 1971, 1976). In these studies, the dominant energy input to the for-

ward face of the spectrum is related to convergence of energy flux due to non-

|iniar, resonant wave-wave interactions (Figure 2) of the form dcscribed by

ENERGY GAINED ON DYNAMIC EQUILIBRIUM ENERGY INPUT FROM
FORWARD FACE OF MAINTAINED BETWEEN WAVE-WAVE INTER-
SPECTRUM DUE TO ATMOSPHERIC INPUT ACTIONS LOST TO
WAVE-WAVE INTER- AND WAVE-WAVE VISCOUS AND TURBU-
ACTION SOURCE INTERACTION SINK LENT DISSIPATION

ATMOSPHERIC
SOURCE OF ENERGY

0)
t-

WAVE41z
SPECTRUM

z [E(f)] I
. "UJ UJ .

o LU
LUzL

LU

-\

FREQUENCY .

* WA VE-WA VE
INTERACTION
SOURCE/SINK

[dEw]

* Figure 2. Schematic representation of the nonlinear
wave-wave interaction

Hasselmann (1962). Studies by Mitsuyasu (1968, 1969) and Kitaigordskii (1962)

"also displayed similar results. Although these formulations were developed

5 for deepwater wave conditions, they are used in the SWWM because the only

* -



formulations of the nonlinear transfers are based specifically on JONSWAP type

wave spectra.

15. The rate of wave growth under ideal conditions of fetch or duration

limitations and a stationary wind field can be computed (Hasselmann et al.

1976). For growth along a fetch, the solution is

E = 1.6 x 10 F (6)
0 g

and for growth through time, it becomes

E 4.3 x 10 -u18/7g -4/7 t10/7 (7)

where

E total energy resulting from a wind speed U (assumed to be over-
water wind conditions adjusted to 33-ft* elevation), blowing over

a given fetch length F

g = gravitational acceleration

t = time since the wind began to blow

16. Additional information required to quantify the distribution of E
0

given in the form of an energy density spectrum is the nondimensional peak

frequency f and the Phillips equilibrium constant a (Phillips 1957), as
m

shown in Figures 3 and 4. These parameters are written as

.22
= 0.076X (8)

and

^--0.33
f 3.5X(9)
m

where X is the nondimensional fetch length

(10)

U2

17. Although Hasselmanni et al. (1976) found that wave growth followed

the parametric forms (letined in terms of distance a,,l time, it is shown that .-

for a I I wave-genevrat ing condit ions in Atchafa laya hay, wave growth is ade--

qurtely described only by spatial variations. Therefore it becomes ,a matter

A table of tat tors for converting IIS customary units oI measurement tIo
metric (S)I iii its is p)resent ed on page 3.

12
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0Figure 3. Nondimensional peak frequency f as a
m

- .function of nondimensional fetch length X (from
Hasselmann et al. 1976)

.5

.25

00

.02 v H'cks (0960) C
*K9insmon(1960)dal(93 

1*Lonas HIMnd! (9E)" *

0 mitsuyasu (1968)
a Toba (1971)

P54 Pierson Moukowitz (1964)
\ S 5hule stal(1971) S

461 1 ,o0 OR ~ 1001 t

Figure 4. Phillips' equjilibrium constant (Y
as a funct ion of floridimens jona I fetch l ength

X (from Hasselmann et al. 1976)
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t toiip.l r iig t fW1)1 L Vi r.;u L S (H *'I arid EA f)) wiLl, the hindcast

lit' jtil' ' ',"t:l of the lave gro-wth is sornewdiat restricted so

tii'it wltiI ht. rlioiitiliilrs i i I pcak t roquenfc,, -ita inis a value of 0.13 or less, a

[I 1 1v dt\L.l cd I -.-i ict; ttievcj! and1( %have groth i s haIt ed . over long

L ('11 c I 1rit Ix I l, 1 Ow fl I Ywtis Of i~ o (e d i t] i(t carl occur to somec degree of

r 'gkl .1lr t v. LhIit~I.It 1')115 arid 9 ire( tlict redet i ned by

P.1 -

K = rionvarying pa ranitors (arol censt ants)

I=incrementL Counter ,).I .111eter

= i ndeperidet t pa raictors ".11- ad X Ifound i n Eq uatLionis 6- 10

At f Lcr each d i sc Clet e o t ch 1 errgt i F the ri rd imeis i ona I peak frequency is

olvalutated to destermine it f o 1. 3] 1 f this occurs, wave growth is termi-

riated; and wave decay is init iated for the remaindier of the fetch length.

Vc de(a Vis pa ranietcr i yet 1 wi the work conduicted by Bretschneider

195, a arid M i t s tva s aInd K i mira 196' ) f or f , thet peak frequency (where

t f g/U) , while tile total enlergy letaV rate fellows that described by

19). W4.'ve tOidi t irifs 9Cger.i't ill a given body of water also must include

'spersii otof ff ct s rftyru It i ng i rom fiit te wall cr dept h cond iti ons . When the

° " V

r t r dv1)t Iis ;j ryf rilot Fi Fl :ri (mut consider the conservative

tra it 's I 'riti ) l I titi I s hoaI ing and refraction. Wave shoaling is deter-

II.I i t, I tronl thl Va Ill it lin o grup speeds governed by I ia-r theory. Wave re-

I r"i t tor(if ,i, I oL to iner t heit s s tiilet Ia trhath: wave coneditions found in

Ath.i. t,i l-l Kuf . ' tI to h -I luool f ll'd v ittangos ia tile wind direction over

I ii III th -..ir- I :-tj .t i i gt i(on caused liv variations in the hot-

til I tl ,h r.1t1.1, if, i , i, iit i m -i,, I itI it e fro the prototype results.

,t ,' te ti i oI i t I's I ilsoead to hoLtom dissipat ioe.

S? ' Si . Lit,'r d s ia ted with bottom friction are

"1 =1.I'. iIde e. ii t 1f 1tt e i rigr ( 1 o s t fouLin Eale lo ed by

14
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S4

E E-(- fII) (12)

where

E = final total energy at F.

E 1 = original total energy at F

ff = nondimensional friction factor (set at 0.001)

AF. = distance of wave travel within the discrete fetch length
I-

2k.h. 1/

K s tanh (kih) I + 2kh i  (13)

and

3 K
-64nr s 1 (14)

S3g 2  sinh (2kh)j

where

k. = wave number (k. = 2n/L.)1 ' 1 1

L = wavelength evaluated for f1 m

h. = water depth at F.

21. The most puzzling feature in all the measured results, regardless of

the wind and presumed direction of wave propagation, was the lack of high wave

conditions. Comparison of this wave-producing environment, based primarily on

geographical and bottom topographic constraints (fetch lengths and water

- depths) and wind intensity, with previous studies (Jensen 1983b, Garcia and

J Jensen 1983), showed that If and T results were expected, on the average,
mo p

to be 2 to 4 ft and 3 to 5 sec, respectively. However, the prototype results

showed mean conditions of 0.5 to 0.8 ft and 2.0 to 2.5 sec. There is substan-

tial evidence to attribute part of the energy loss to wave/soft-bottom interac-

tions. If this is true, frictional losses would he minimal, based on the sedi-

merit type associated with the two processes. Frictional losses are, in general,

related to the sediment size; as the mean grain size increases, so will the

shear stress (and thus the work done by the bottom orbital velocities). Thus

the friction factor is set one order of magnitude smaller (compared with

Bretschneider and Reid 1954, Hasselmann and Collins 1968, or Hsiao 1978) to

reduce the energy loss duie( to hottom friction. For soft-bottom interactions,

the rate of energy dissipation will increase (Gade 1958, Dalrymple and Liu
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19q 78, and Forri stalIt and Reece, 1984) wi Lh a t i ne r gra iini ize. S i ce A! cha Ii-

I ava Bay hot toni se dintents dare (Ier i vcl I f oni t Iwie ive! i nt eiv i roiiiieii L mii Wi, I i

he led to believe that %,ave-sof t hottom innteit t itns %,,mjild sii-rst-le w

bo LJt toi trict ioni losses.

22. The, se cond Lhe o reLi CalI a spe~ o f SW. I tealsI p r i na lv Wit h thIte dIs -

L tr i bit io(n o ft the totalI ene rgy ( E ) 1in thte to0ril of atOt -tuIe-lrenst Oita d is cretec
0

freq ueci spec t. ruin (EF ( f )) Th rough the rise $1 f s i inilI a r i t v p)r i( 1) 1 es.

Ki taigordskii, Krasitski i ,and Za slIava s ki i (19 7) ext ended Ph ilI i ps 'deppwate r

hypot hies i s (Phil lIips 1958) of the oln i I ibrium rainge in ithLe spect rum of wind-

gene ratLed suiir a ce wa ves to fun t te del)t h -ondi t ion s. T'he s pec tral f o rm is de -

f i ted bv

E f. (yg 2(271)- f.J (w I f > f ni(15)

wh ere

E Ef e) i eergy dents i ty a t eacL-i d is cre te f*requje n cy baird,

(P (t ) uond imens ionia function dependent On w given by

wa 2if (h) 
(6

T'he futn ction (P(w )varies from 1.0 ini deep water to 0.0 when ht 0.0 ,as
It

shown iii Figure 5.

1.0 1.0

9 0.5 0.5 c.

00
50 0.5 1.0 1.5 20

Fl~(h/gi'/'

V i gni re 5. The ini ver-sa I d imnis ion Iess f tin( t ion (P (Sol i d curve

and] the fiuct ion w/2 (dlashed curve) front Nitaigordskii

Krasi tski i and Zaslavaski i ( 197.5)
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When wh is less than 1.0, F(w) can be approximated by:
h h

1I 2
w(h 2 h (17)

and therefore

1 -2 f.3
E(f.) - gh(2r0) f. > f (18)

2 i

or the spectral shape changes from an t to an I iii the tail ot the

energy density spectrum, and more iniportant ly, becomes a function of the water

depth.

23. The forward face of the spectrum is assumed to be represented by:

/ 4
E(f.) a (Yg2 (Zn) "4 f 5 exp ) 'r(w ) f. < f (19)

mj m.

where 0'(wh) is evaluated from the wh defined at f Field and labora-m

tory data by Goda (1974), Thornton (1977), Ou (1980), Iwata (1980), and Vincent

(1981) support the form given by Equation 18. The verification of Equation 19

can be found in Vincent* and is supported in Jensen (1983a). S
24. The parametric representation of wave growth assumes a dynamic

balance between atmospheric sources arid transfers of energy resulting from

wave-wave interactions (Figure 3). This parameterization was based on deep-

water wave conditions (Hasselmann et al. (1976). During a recent study it was

determined that over moderately short fetch lengths (10 to 20 n.m.), this

deepwater growth rate expression (Equations 6 and 7) consistently underpre-

dicted the total energy found in the measured data (Garcia and Jensen (1983).

The only theoretically consistent location to add the energy would be on the

forward face of the spectrum (Figure 6). The function, E(f,h)THEORY is the

saturated spectrum based on Equations 15 arid 19, and E(f,h) is the
WEIGHTED

spectrum based on E after wave growth. This process also shifts f to a;
0 m

lower frequency which has been noticed in field data (Vincent**). As the

fetch length increases, the relative amount of added energy decreases, where

* Personal communication, C. L. Vincent (1982a), US Army CERC, Fort Belvoir,

Va.
Personal communication, C. L. Vincent (1982b), LS Army CERC, Fort Relvoir,

Va.
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eventually no additional energy is incorporated into the resulting spectrum.

25. It has been shown that the water depth greatly influences the spec-

tral shape and in so doing will influence the maximum wave condition. The

parametric formulation follows the work conducted by Vincent (1981). The

depth-I imiting maximum wave condition is given by

1H 4 f T E(f) df (20)

c

where

|t = maximum wave condition

f = lower frequency bounding the total energy (equal to 0.9 f )c m

E(f) = from Equation 15

Integrating Equation 20, one obtains the absolute limit on the wave condition

at a particular water depth where

* (agh) 1 /2

H 7 (21)
m- • C

26. In summary, the physical process governing wave generation and

transformations has been theoretically determined using available, "state-of-

the-art" techniques. It must be emphasized that not all shallow-water trans-

formation processes have (or can be) measured to determine their relative

effect on the total energy, spectral shape, and peak frequency. Therefore the

development of the SWWN as employed in this study models the physics of the

problem in a genera I sense while maximizing computat ional efficiency.

Nondimenusional Parameter Compiarison

27. Initial comparisons between gage data obtained at WG-25, WG-66,

and WG-68 and hiindcast results were consistently off both in terms of It
mo

and Tp The SWW overpredicted tile measured wave results by a factor of 2,

regardless of winI speed or direction, for all three gage locations. Differ-

".*-[ .. enrces in deepw;ater and shal low-water wave growth are ill the ratio between

the phase anrd groujp speeds of each frequency component of an energy spectrum.

Although the saire amount of momentum is intput to tihe wave field in shallow

water, the am,nt of energy along a fetch length is only 1/2 of its deep-

water value. The wave heights are then I/j2 smaller than those predicted

19
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for wave generation in deep water (Resio 1982). This assumes that refraction,

shoreline, and energy loss mechanisms are small. Therefore part of the over-

estimate can be attributed to the deepwater growth rate expressions (Hassel-

mann et al. 1976) applied to finite water depth conditions. Since the model

employs parametric relations for the total energy and peak frequency adapted

from deepwater results (ttasselmann et al. 1976), it was anticipated that these

relations were inappropriate for Atchafalaya Bay. Figures 3, 4, and 7 dis-

play nondimensiolla frequency (f ), Phillips equilibrium constant (a), and

nondimensional energy (E) plotted as a function of nondimensional fetch length

(X), respectively (from Ilasselmann eL al. 1976).

E= 2E/U10
10 . 4  - 10

io~ £

10l-6
- BURLING 11959)

10-7 o MITSUYASU (1958)-
" HASSELMAN

10I 0 et al. (19761

10A 10) 102 103 104 105

ir e 7. Noridimenis i oml energy versus nondimerisional
fetch (from lasselmann et al. 197o)

28. As the rio dim nsional l et e lengtI increases in Figiu es 3, 4 ind

the (L)t a t end to d iverg, fr(mj tihe fitted ('11v Ths d I verg' 'ic( is more:

'irliat i(;I Iy shown iI the imens r ned ,it a (ht , i ned i n At ; a I ayn Bay. Tak i r ig

u n iv .,'ave v<rdi t ions genrrrited from winds blowin g ove'r a finite ,et ltcgth. .

S)[( 1 nt t IiriP wi 1rls 1 f r( ml t lit 'mo)th I the ilen t i cal ro ttd i metis i ()io a 1 ti t t ' rs we t-'.

1,ipit'l .inI plotted, i4 i a 'isnmi ;1r fashon I()n Fi V'11r es 8 , <), n1t 1 . l)th 1h,ssel-

; 1.1.'.r 1 1. r ' ir.iri ct r ( i f'l nt i,,li i.is. ; Iinli i i n't L. I 1( 7 0 1 r ,i d i I v ,st : iest I t -I-n
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Figure 8. Nondimensional energy versus nondjimens iona 1 fetch
* ~~enmplIoy ing At chiafalIaya Bay wave data

the Atchafa laya Bay data are ploted. Thlae Atchat lava eiv 'ata (dimens ntes-

* fetches X > 10 )also show the di vergenit t rends ev idenit ini Hasse lmann1's data

*for E and] F mversus X . The scatter found in the plot t4 u verslis X

(Fi gure I 0)) tails wi th in t he range es tahIi sted by flasse [mmin ut a I I976) (Fig-

tire 4), alIthough the equat i ons f or t he two I iries a r-, slIi ght I y dii f krent As-

suiming tile measured data correct (total energy, peajk trequnicv, winrd speved.

* ~~;ind fetch length) , new relIat ionis for wave growthi over fetch l engthbs anid the

dependency of the peak frequency on the fetch length are established. These
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t I these Va h i ,e.s w it h res t-c t t 0 t he ri(i t u l i , a I f e ,[l.

ic()Q-.4

lor a set I-si i lar speI truI F ( Yt , jcr: gi ', IIho r l I ton hei L ,oll

f E , 1a1id (1 Can he constL rI u(tLed aiol t he ( xponfi L S n 1 n d an' I
InI

tht' power laws flo f , E , and y should sa tI t t t Iowi rip re at Ions
ill

' ""4ri - ii ± lie 0 () 25)

He:re, -0.24 n u -0.35 and nE E 0.67 for the present ti eId djt.thr' f E0 2

resi IIts. Suhst i tuting these values into the aove relat ion viel(ts:

4(-0.24) - (-0.35) + 0.67 0.06 (26)

I-The result ing value of 0.06 lies well within error bands est imated frorn the

i i idivid Ia I error hand of each curve-fitted exponet. It is r ea surilIg to f irid

th.it the Atchatalaya Bay wave irformation and the new tetch-deperideit rela-

tions retain the notion that the spect rumn follows th, self-similar trends - -

. established in tlasselmann et at. (1976).

Ei 30. [qui ons 22 and 23 can he comhined to yi e Id a sol ution to E as

,t lunction o F f This relation will now he indepenident of fetch length, .
In

.rid ouly exte rn a lIy re la ted to th e w i nd speed , g iv en by : At

•" ~~~~ %--2').2 79 -

E = 4. 19 10 f (27)

I'tI' mesiured results are nondi mens i onli I zed and p tot ted in Figure I 1. In sim-

IIIisti terms, [quation 24 fultills stabi lity reqtirerients on the ,a;ve torm,

i ,,, t he wavye height (-all he related to E , ard the wave period call he re-

1.1 t , to, t Along with Eqtuation 27, the ftassel a,inn et al. (1976) and

KnowI es ( 1982) e l(iational forms are plotted. '[The latter studl l onfin es its

wave Inca sureienIt p r o gram o t i fi e il e de t cI ,l it i ers (app roxt st ('IV 6 xt I iit t

. rest rictedt-tetch estIlary. Al though Knowl Ius f oindt t h.t E ve' Isis I and t 111

" ve-rsus X w l.toI 1( Id [ot coi (- ide wit h Hasse lriarr's hep ater resil Its, the F

versus t resiIl ts compared sat isfactori lv. 1 rm Figiire I I, one t i ids that

tie lasseIniann v t a (1976) ciurv' appears to he .Ii ipper I irni t t o the
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NONDIMENSIONAL FREQUENCY

*Fi guire I I. Atchafa laya Bay wave data represented by nondirnensional energy
versus frequency

Atcha falaya Bay wave resul ts, whereas the Knowles ( 1982) cuirve passes mnore

closely through the measuired results. As expected, EquaL ion 27 plots through

the midrange of the resutil s because f Mand E relIat ions were derived1 from

the method of least squares. The curves show thait the Atchafa lava Bav resulits

f ol lIow deepwa t er "stLeepnes s t. (te ra tio of lhe igh t t ( wave pe r Iod <qualred ) coni-

dIitLion%, because the s lopes are nearliy paralIleli but t he magn itukdes in the

steepnesses are uch sma I ler . For example, consider a w inrd speedl of 10 knots

(17 ft/sec ) and a peajk f reqiemmcv oft 0.286 Ilz (TI 'J.5 sec ), ILie( At chaCal aya
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Bay curve will result in a characteristic wave height of 1.03 ft whereas the

Hasselmann curve will yield a height of 1.93 ft. This supports the earlier

findings that because of the physical constraints to the Atchafalaya Bay wave -1

environment, employing Hasselmann et al. (1976) nondimensional formulations of

E and f will result in a large error in the computed wave conditions.
m

This is not to say Hasselmann et al. (1976) are incorrect but proves that

any variation in the environment will warrant a careful study of the wave

mechanisms.

31. One can continue the analysis one step further by relating the non-

dimensional energy based on measured results () to computed results (C)

derived from the new growth rate relation found in Equation 22. The nondimen-

sional energy based on measured results is given by:

2
E E g (28)

Mf U 4
J10

where

= total measured energy

g = gravitational acceleration

U = wind speed measured at. a 33 ft (10 m) elevation above the water
- "- 10

surface

Figure 12 shows the distribution, based on H results greater than 1.0 ft.
"" " "mo

There is a great deal of scatter above and below the line where EM = EC

establishing that over an average the new growth rate curve will both over-

and underestimate a resulting total energy and not be consistently biased

toward one direct ion.

Test on Assuomption ot Local Wave Generation Only

32. One major assumpt ion governing the hindcast portion of this study

is that wave conditions 10mtn within Atchafilaa Bav are primarily generated

within[ the region (.e. , little energy is propagated into the bay from the

(;u Ift f Nex i o). flhe st,,rm events oc-urred (huiring the wave mileastireiient pro-

".".am where sootht r-I wind.s (wiis b Iw i the sooth) occurred tor at

lefist i 2-Ljav i,,, l ol (,t t iie. [hfist. wave re (ords here (omipare, to determine

.. Ifto. evew I )I of r ry prp.sg,jtefI into At('hitsfi la .y
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miea suremenit p)rcg ram in i 1 ft' (;o I f o f Mex i co t tha t t Itie wave atL t ernat i on ca i be

l arge . The deg ree ot a t Lttia t r on ",j stLroiig I v te1 i ted t o a deepw.-tLt-r wa Ve

a 1111 t i t liol anrd thte ratLe o f ene rgy I Is5 s (,ioistd [Iy i1vt- so ft ho t tu 011 1 te cractL i ons

o iulows a rteaiSoniatiy cOrisi stLenit paLte rn . AlI t houtig t lie i r wave chlara ct er is t i cs

* ant '.ater Wepthls are greater tti.iri I hust tijirt in thte At cha Wa lava Bay area, Like
2

mii miens iunai waive he i ght arnd wa t er depth i 1/ g' arid] h/ gl" a are botti -onl-

s t era . [here fore Ithe processesa siigetrmeiervIuSCSnhthata

set s call be i denit i f i et. i giire 17 dWi sp lays theit compuiitedt spectra for WG-68,

WI-25, anid WG-66 tor a p.rrt icilar Ltle dWiririg a southerlty wind-producing storm.

AllI three spectra show the peak spectral dtensi ty occurring near 0. 13 Hz. WhatL

must he noted is that at the bay entrance (WG-68) the long-period waves donu-

nate the system. As the spectra propagate into thle bay, the overall spectral

shape rema ins iritact but loses a large amount of energy (80 percentL loss at

WtG-25 and( 90 percent loss at WG-66). This loss can only be explained by the

absorption of energy from the wave system into the sea floor. Energy losses

associated with bottom friction effects are nonlinear (Collins 1972). Because

* . of thle noniinearities, the effect of this mechanism would transform the spec-

*trum into a new shape, shifting the peak frequjency to a higher value. As

shown in Figure 17, the spectral shape for all. three locations remains vir-

tualIly unchanged, suggesting a mechanism that can be functionally related by

an exponential decay (Hsiao 1978).

37. Hence, long-period wave condi tions once genera ted in the Gulf of

M ex ico w il rIot sus t a in t lie ir ene rgy l evelI ini At chaf a Iaya Bay. One may also

con( ltide that tile reasons for a panucity of large wave conditions (3 to 6 ft)

within the bay can he caused by this mechanism.

Th 'le f'inal storm (Stormn C) occurred fromm 2-4 January 1982 (Figure 18)

andt p roduiced w i id speeds of a pj)rox imate Iy 10 knots . The w inrd direc7t ion s lowly

changedi fromn 100 deg to approxinmate ly 23(0 deg over tile 2-day period. CoMpa ri -

son of the H resuilt s obita ined from WG-66 an rtw;- 68 (Figure 19) aga in demon-
ffio

*strates that the wave climate is nearly mini form within tile hay. The H Conl-

d itions aire s lightlIy higher at WG-68 , hut th~romighotit thle storm both gage re-

suits show very similar t rends.

39 . Al though the w inrd d i reel ion for St (rm C is from the sout hea st

throuigh the south, the effect of Gii It-generateld waves found at WG68 is sig-

n i f ica nt Ity d iin ni shed when compa red w itLh thle t wo p rev ioils s t orms . This s t orm

sequence ponsout that riot al I sotel is p roduce I org-pe riot waves at

33
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the entrance of Atchafalaya Hay. The wave period oscillations found at WG-68

* are caused by a two-population wav system that is nearly identical at the re-

spective peak energies. Figure 20 displays the estimate of energy density

" spectrum at WG-68 on 3 Jania ry 1982, 0000 hour. There are two primary peaks

(0.16 Hz and 0.41 Hz, signi ted by the arrows) where the energy densi ties at

these two frequiency hands arc virtaaI Iy the sane. ()nly slight changes in the

relative amount of energy found in either frequency could shift the Fp va ue.

e- Since neither the 0. 16 Hz nor the 0.41 Hiz energy lensity dominates the wave

climate, there will be oscillations in the F rt's lts. [II geter, Il , this spec-
p

trum character i zes the wave con d i t ions at 4G-68 , a two- pe a ked sp,. t rtim where

1.0 I I J I I I I I l I I I I 1 I

ATCHAFALAYA BAY

• 0.50 82010300 -

WG-68

U. 10.2
Ow 169

u .20
,S

0.10
z

Z 0.05

0.02

* S
oI I I 1 i llil I I i

0.01

0.01 002 1 05 0.10 0.2( 0,50 1 00

f-HEOUENCY H/

Figure 20. Spectrial estLti-tte tot WG-68 depict iug a two-Op)Itlttiou
wave system, (ilIf-generated (. .1 11z) and I o lly generated

(0.41 Hz)
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-ur lt It tirlui .1 1 .exliuo It, tih .t,2iAitLl)t h11 1.11 B ,+tciitlt a l B yi'' il c' t (i1f
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ti l,.v % I Ilul rt' ] to, l 'i r: t' it .iV t utIli l t int, I r in ti . south Iofre rea isti-

I.l y. I 11I tt' I t h L ,IL1.1t ii(t ,i t 1 i p til' i)str L y wt. A i SI ialS a Vsu ed du(e to the

iuLiLjl " .it Gil I'Jl L Iii Irild ivct l to!;-tt', .ss , iatt'id 'I L b tile river channel. -
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41. Vert I cit i ol o th wave hi icast model is an important facet of

- the iii rlift'ast stfity . As 1 rt'v i(Lffsly i1i s icussed, alIjusitsments in the growth rate

reI iat i ois ic(corti ng to At cha fa laya Bay wave condit ions were necessary to better

, a pp rox I ma L e t tie gage res Iltsf .trhose eqLua t i Ona I to rms fui I filled the se 1 f-

s iimi lar spectral trends establi shed by Hasselmainn et al. (1976). All the

* pa ramet e rs a fill equa t ional to rms were genera ted on an i nd ivi dual asis ( i e

tie LoLa I ene rgy as a tunt t i on of let ('i length , t he peak spectral frequency as

a ftict ti)t of fetch length , and the Phll ips equl I ibririm constant as a func-

tion oI fetch length). The verification test is to incorporate the newly es-

tab 1 s hed g ro-wt i rate fo rmu I at i ons iii t lie wa ve model and per form comparisons

htetween prototyp( ant i inicast wave estimates. T hese comparisons then would

veri y

1. It the , (t i re t ion il id speed are tiniform over Atchafalaya
I*,,,B v.

. It t ' I tll th rc t ' 'Xillf':S ,hll .inId the. trainsform.litiln illle itll sins
illu( l ,, p t It,], I fl th..' SIA 1 girlt-r-It, lup.trahl' wave ,st lin ites for'.'~~~~ tit' ti r', I~ , Ic.t',,u

+ 'l'h<"' I,( +. l . li l t I I . 1 s ~ s 'l'l t 1'.' h llld -ist ,ost ima tes

lgone 'Itt', hv h'' i n A\tIh.,t.IIIv,* B .



42. The proceduires uiseri to ver i ivt tie modelI a re as fol lows . For each

set of wave gage resrilI t s Lte wi ndti ntf ornat i on i s tised prec iselIy as thfati ii1

thfe It irdcast port i oi of Lthi S studily 1foll1owIig the teChiquiIes descr ihed by

Res to and Vi ncent ( 1970 1 . '[he wi nd Iata a re uised to genterate a L irue-vary I nrg

W i It i e I of to dIrI ve Ithe wave mlodelI . Thel( (omir1u t e(1 wij ye (hIa ra ct v r i s1 I ( s If
IM)

.111d1 V and slrect ra K' f ) a re then 1) 1ot ted aga I rist theit gajge est irratLes arid1
p

urr1p~rve d acordmirg lv.

4 The grl t ri t the IliII( ric.r IIt nod(Ie I deve I ojrreri t po rt Iif u f t Ii is s Ltiady

o, Is t it iicrI o r-rt e ii I I t i eo reIt i ca I IV so mid It rins ItorirraIt i on inie Iharifi 1511 i nto0I the

.3WIinld lit i I Ize 'J ill Int iwve gage I ri I o rmaj t i oil t o adj iis t growth rate sequences

(llirIpt ihie) w it h t he Atcohati aaya Ba y .rrea I i t he enid, all coet f iui erit .- we re

tIcitecd is p )rees t .h) 1 shred1 ()ristarjit t -, and were- never changed fromn site to site.

Ii'l, rrIit.. r ISonfs Srowri hetre dio) iot represent attempts at calibhrat ing or adjust-

rfig ti( he utl hul t. eve atS a yenr I i ca t i on itn thre wave growith anid transiorna-

L loon pocet-'sse esai shed ini I the f rainework of the wave mrodelI .

44. S I irip I o yet diescur iptLi ve techmrrques are u4sed for tire comparisons

I *e , r me-iris 1(3rv Plots, cross pl ot s, anid prercenit occur rrence p lots). The

S~~isIt (of tLiese t Vpes of comrpa rirsons is I, prrrhrhlv thre miosL idicativye of the

th ilIi tv of theiii irlcaist wave est imrates to representt a wave climnate accurately.

* ~ l PieIITI riicSt w,,ive resi ts atre pa ired artrjilj ing to the( gage observat ion. These

p. i ri ts t 3 imi te t echirri s irc ulsed to dlescr ibIe the randromr error inl the hi rid-

rs 11mile I . 1ru-ver, mruich -o tire rarrulomr error in these comrputations3 is at trib-

Iutri to -i IIS in tim In etweerit tihe wave hiiicist aind oblservedi wave iniformlation.

%,, t liei I I k,;.rvt. tt~iiriitlul c oi mprij sons

SFI veI stLocrir c o Ii t I o I I werec selc Ii ctet-d I or te y enr t icat i oni o IrIfe

1W~ 11 ci 1r re u (mirIa lit w I I 'I Ii reI c t Iori s 133) r .r I I I r vi' stLo riris we re I ror t he [I r t h.

o si rid ( ,ndi t I io; wt-re gerieraitel by irve rrg i rig It I( w i rrd sped idl ofIi rect ionr

iit ''Frit~ I 'I m(L It hir 20-uni iti ;ver.rgv: everv hrir I uutr a 31-hli- dirrat I oil . These

I'l, 1 1,,1 f- Iifi Apprir i x A, .r I rig wi t ii . 1 1 o r ISons oil iic;Isired a1rid hr 1ri-

Ilw p

4 )1, ho t I I rst u itr iir Ir otl I I )tit N)1  t vr\'ini r I. lrrl spreeds We re

,I it, vl 1 rge I cur r I, , ri t It .r/ Iirrrx im ij tl 19.2 iirr)s ) mi i d he dr r cc r. ii te

iutll '' Mrr do' rt It lii .r g ' 1' t 11 i zij llft tl A I( I t gri r \ I -\ g) r e( (I 1r4rX iriri l II) 1 t i

Ir I L Io ,t app rox r mra t c I vi 0 .1 t I . r) I t, )t ir rt r-l r)i 10 Nrrevrr i' at (00001 to)

0) 100( houlrs. A riuinher of ilit ajt Ilimts ire rrirssring rII I lie niersirr-er 11 111 r1dl 1)



r csults. The est imates f or these part i u I r t i ilis (fir exal t t- Ii gurt. A ,

I ) Novemberr 1)8l at 1200 hours) arV as 1 previously ,-I ined (PAk l) K I IhI,

I.)ta The Ii Inicast results compare fav)rah v with tIv m -.ijured data t or all

three I ocat iouls. There is a slight overpred ict it o I the It 1iilcist II when

tle compU(t ed T p is greater than the me.asured es t i m.t vs. Th t I f kt s of the

water- depth in which the gages arre placed s gi it i ctil ty reiic . t li amount o f

erne rgy in the hi glh frequency end oI the spect rum. Ih is effect is aniil If i el

t or wave est imates at WG-66. As mefit ioned in PART II, I ree-surt ce spect ra

we re ba sed on thet( es t mIa te o f thte va r i a t i on in[ t he dynai1C l) res sii1rc ()ift ft-e

water column measured by each gage. There is a theoret ical I I im i t iasi d oh i ri

I i near wave t heory, Shore 1Protect ion Manna I (IUSACERC 1977)) , ie r the gage

wil I no longer "feel" the presence of certain frequency waves bec,ause of the

water depth. Figure 21 displays that relation, where frequencies greater than

0.46 Hz cannot he resolved at WG-66. The other two wave gages are riot corn-

strained; WG-68 is located at 10-ft depth and WG-25 is located at 9.5-ft depth .

When the majority of the energy density falls within this range, which is very

often for Atchafalaya Bay, the loss in the total energy and thus the It re-'no -

suits will be significant. Therefore it is expected that the hindcast results

should consistently overpredict wave conditions at WG-66. Realizing that the

total energy derived from the measured pressure record will not reflect con-

ditions from all frequencies, the differences between the two results (hind-

cast and measured) are not as great as those shown in the time-history plots.

47. As previously mentioned, when the hindcast peak spectral wave pe-

riod is greater than the measured results, the hindcast If results will
mo

also he overpredictive. The overprediction follows from Equation 27 and can

he explained simplistically by Figure 22. Since the upper end of an energy

- density spectrum is limited to 0.5 Hz in the wave model, there are only two

" choices for f when f = 0.5 Hz, either 0.5 HIz or something slightly less
m In

than 0.5 liz. If the hindcast f is less than the measured results as shown
m

in Figure 22, then the hindcast E(f) will carry slightly more energy as

shown bv the crosshatched area. The II der i ved f rom the I id cast i n Io rma -
imo

tion will be greater than the measured resul ts. I, iiit ig the high frequency

vend of the hindcast spectrum also places a restriction (n the II results,
Duo

dependent on the windspeed I and let(h length through Fquation 22. If the
10

limit of 0.5 IIz on f diid not exist, the h inlcast results would follow Equa-

Lion 23 for f ard, from Equat ion 27, ti I results would he diminished.
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AA

MEASURED SPECTRUM
>-DISCRETE REGION

f <0.5 Hz
z

0PARAMETRIC REGION

HINDCAST f> 0.5Hz
z SPECTRUM

0.5

FREQUENCY

Figure 22. Schematic representation of the potential for
increased energy levels in the hindcast wave information

"• These computations are carried out and presented in Table 1. One must note
-I

that the limit to T (where T = f ) is 2.0 sec, and therefore all results
p p m

for H values when T < 2.0 sec will equal H at T = 2.0 sec. Hence,mo p mop

at low wind speeds, the hindcast results will be greater than the measured data S

"" set. Since the gage cannot resolve wave periods less than 2.0 sec, due to the

sampling interval and water depth, there would be no way of knowing if the

hindcast results were accurate less than 0.5 Hz. It now appears that limiting

the hindcast spectral frequencies to 0.5 Hz (consistent with the measured re-

suilts) will systematically overestimate the H results. If an additional
mo

parametric region (Figure 22) was established in the hindcast spectrum, inde-

pendent of the discrete frequency bands and dependent on Equations 23 and 27,

the hindcast results would better approximate the wave-height results from the -

prototype data set.

48. The second storm occurred during 20-22 November 1981 and was charac-

terized by wind speeds of approximately 18 knots and the wind direction which

remained nearly constant at 300 deg for the duration of the storm. The mea-

siired data reflect the storm's intensity in two of the three gage sites (Fig-

tres A4-A6). It appears that the wave climate at WG-25 is governed by local-

ized limiting conditions (for this case), whereas at WG-66 and WG-68, maximum

H conditions of approximately 2.0 ft existed. The hindcast results are
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"I I iltl igreellient w i t h the t rends establ i shed by the measured data sets, a I -

thoiugh at WG-25 the hiilcast da.ta tend to overestimate the H results by
l11O

AprOx LIA te('V 1. 0 ft . 'Ihe it fererices may be caused by the new parametric

rt-res entit iois )of the gr,wth rate anid peak frequency changes over fetch

I engt h, det i ied at 'G-25. Aln l Iternate cause could be derived from the selec-

t* t j ) f tne Iet iL1 length and water depths for the wind di rection of 330 deg

SI -,r WG- 25. The wter dept his used| i i the mode I were taken f rom NOAA hathy-

mtric ('ha rts (dated 19 77). The depths that now exist within the bay may be

sgificantly different d.e to the delta growth process ill the vicinity at Wax

lake Out let arid the Atchafalaya River mouth.

49. The third storm orisidered in the verification phase of the study

occurred during 23-26 December 1981. The wind speed averaged around 13 knots

while the wind direction remained nearly constant at 45 deg. The measured re-

stilts (Figures A7-A9) at all three gage locations exhibited nearly identical

trends (rises and fails of H ) which would verify the assumption that wind

speed and direction remain uniform over the Atchafalaya Bay region. The hind-

cast estimates for all three gage locations compare favorably with the mea-

sured H and T results. Differences between the two estimates are shown
- mo p
" to be no greater than ±0.5 ft for tie I results and ±0.5 sec for the Tmo p =

results. There appears to be a difference between the hindcast and gage re-

Sstilts in the time of occurrence of the maximum H conditions. This differ-
mo

*.'.'" enice is caused by the method employed in the SWW?, i.e., wave propagation is

"-' *'  on itted from the model to increase computational efficiency.

50. The largest IH found in all measured wave records occurred on .
M0

31 lDeembier 1981 at WG-68. The accompanying energy density spectra for the

three gage and hindcast resiilts are compared in Figures 23-25. The abscissa

is riond incus i ('na I i zed with respect to the peak spectral frequency. This at-

lows both spectra to be aI igned at the maximum energy and comparisons can be -O

made to explore the frequency related spectral shape. The difference between

tIm gage and hindcast peak f requency is 3Af (or 0.0208 Hz) at its maximum.

2
h,sI it stat i st i ca I ana I yses the 95 percent X range is shown in these

igiires, signi fying the expected range of the prototype results. The wind

conditions for this particiilar event were approximately 13 knots blowing from

the niort heast

51. Local wave generation controls the wave environment for this storm,

a I though a sI ight amount of Gil f- generateid wave energy is visible in the
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Figure 23. Comparison between hindcast. and measured spectral
estimates for WC-68
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spectrum given for WG-68. The forward face is well approximated by the hind-

*cast spectral shape, anti the tail (f/f > 1.0) appears to he the limuiting form

comparedl with the prototype spectra. The hindcast E(f i]) consistently under-a 2
preict s the measured results lbit renmains within the 95 percent X range.

As f/f approaches 2.0, te aurdresults tend to fall below thle hindcast

spe tral shape. The water depth airove the gages acts like low-pass filters,

no t aI I I ow i rig t the erie rgy i n thet( h igh fre(qu-ency wave components to he reco rded.

Also, the water depth can l imuit the entire spectral shape (Figure 25). Re-

so ts orWG-66 I ratd i .-depr water condlit ionis than WG-25 or WG-68 ) are

Sio t -is "it-lan" when comrpared withi the other gage spectra. Even for short-

pwr iod wave conidit ions, the theoretical shape functions found in the SWWN ac-

(tiritel I ' lp i(t the mreasuredl results.

52Hie t i na I two storms in this series Occurred during 28-31 December

(1i Sto)rm 4) oil 8-12 January 1982 (Storm 5). The wind speed conidit ions

were on the orderf of 12 knots wi th ant average willd direction of 50 (leg, and

I ikniots ithI an ave rage w i ri di rect ion of 25 deg for St ormns 4 and 5, respec-

*~ I ye lv. For the ful I dirat ion of the storms , the hindcast results (for all

*three gage I ocationis) Inat died tire mieasurred H arid T data (Figures AIO-
mo p

Al 2 I or Storm 4 aind Ft grres Al13-Al 5 for Storm 5). Di fferernces between the two

Irt.j sts for hotti 11 andu T were corisistently at ±0.25 ft and ±0.5 sec,

I 1sj .( t iv'elv

-- 11t. r, Iv V v'~ ool I t (I ii t aripiri sons

1) rrev Il iWa%-iVe (orja r I s0ons we re de r ived f rom no rthetrlIy w inrd con-

Io I'1;: l..ii'l-waiter bouili r IIs , hence the f etch l engths , were c lea rly det m ed

1,rI t-s" ('roul t Iois . lie p)rohlemir-11 o fj ulq iiat eIy de s cr ib iritg a f i nit e f etch I

lniligth 1ol wijves propmg'It ting from the sothl still exists. The assumrption that

Si t tlf, 0.ii rgy Whitt li rig rniates kir out inrt o tire Gul If c-an propagaite into the

hay" liai; loin Ver if ieud- however , the poss ihilIi ty ot locally generated waves

prop1g;It ng I romi the south I nto) thre hay irrist st ill he accounted1 or-. The re-

t6ne 111 orderl to 41iinut i y 'r limit ing letcii dlistaince south of Atchratalaya Bay,

. l se 1 lso ioIt It loris IS rig t hie wave dat a~ we re per hormed t o det e rini ite where-

t1 tet( lh-II m I ta-It Io(n-I In tie i i d hni* Placed .

54 . 'rom Eqiia tiins 22 a ind 23, tLre tetct l'iIengthi conuId hie compiiuted f rom

known wrind speed ind thre resul t ing wave heigirt tor ilI the sourtherlIy winrd -orn-

ofI t Iouis. F'ir v( It I 1-deg w r nit aug I e I ritec rvmi I , t he compumtedi t et Ori I emigt hs were

ave raged. The average l et (-It I errgth then was 1) ot ted as a f inirt ion)i o f w i rnd

47



speed and distance from each of tilie gage locations. Al though this LeCh itui b

is a crude approximation, it was found that all computed fetch (higths fel I

wit hii the 12-ft contour defined by the batihyet ric chart emp I oyed "outs ! dh

of Atchata lava Bay. The fetch-limitation-Jinc was establi ishd rliar the 12-ft

contour, wh i uh meains that wave condi t ions )ropag, t ig from the t l f ) f Mex i

to Atcha fa lava Bay would begin wave growth from the 12-ft contour, rat lier tha)

in the middle of the Gul f . Using this technique, only long-perwl d. Iow-

, in) it ude wave information would be lost. But from the ire.i i;re d .at , the

number of occurrences and the intensity (or energy content,) of thes' kond -

t ions did not warrant further analysis.

55. Under these assumptions, verification of southerly gurierat ed wave

conditions was performed. Five storms were selected to verify the fetch-

limitation-line assumption. The initial storm (Storm IA) occurred during

25-27 November 1981; wind speeds averaged around 11 knots and the wind direc-

tion remained near 130 deg. The measured wave data for all three gage loca-

tions never exceeded 1.25 ft (Figures BI-B3) while the T results clearlyp

showed a much stronger trend for longer wave periods. The hindcast H re-
mo

stilts show a strong agreement with the measured results although the results

for WG-66 tended to diverge slightly on 26 November 1981 (Figure B2). The

largest differences encountered are in the T comparisons where the hindcast
P

results tend to he around 2.0 sec, whereas the gage data results increased to

6.0 to 9.0 sec.

56. The influence of Gulf-generated wave conditions propagating into a
the study area is evident. In general, the energy accompanying these long-

period conditions is significantly lower (except for one observation at WG-68)

than that during the most intense portion of the storm. For nearly identical

wind speeds blowing from the north (Storm 2, Figures A4-A6), the H results

are approximately a factor of 2 greater than what is observed during this par-

t icu lar storm condit ion where fetch lengths are on the order of 10 to 100 times

as great. Therefore the amount of energy lost employing the SWW1I to model

southerly wave conditions can be considered negligible in comparison with other

eq all y important storm conditions.

57. The second storm (Storm 2A) for soitherIv waves occurred during

2- I) December 1981. The wind intensity a.veraged around 7.5 knots while the ii-

r-eetion was predominantly from 255 deg. The Imleasured wave data (Figtres B4-16)

showed It results much I.irger than in the previous storm and T resu I t s
no P
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id i ca ted thait th Lii wves we re I oiaj I gcnera ted withii tire irea near Atbafa-

I a vi hi H V y .i t hiter t iiji i deir ivedt I ii t he (,ii IF if 11- < i o . o r- tit, ex i s t i ng TiiCa -

sj iti red 1 i rt, trt tfit- ! I iii'teist !I iirit L I I i rl loj t ;It s t illt? r (~Iir r-s ilt

Filea Ive[A sintAi 1%eiA~ t ;ii Ih Irt s i It,- jul dit, t; iti -t W I, t 11,pHaN Ii te

If J. lild itL ioil at 1 .75 tt at )tts obs tt .ve Ctimipj r i Sorit Ltft' Lthreet ga1ge d iA A

sets S Sfow 1 t hat i S the, waive J,(,tiit i jors pro-(pa gatLe i ItoI A t c fi Ia -I1av 1a Bay V roim

WG-68J mo st Ionig-per iofl i iitt (rlii~it i n(I t ) S etc) i s Itti,t Itl theit spectra

a- re re fo rmed i ri to t lie h i gli f req sen iv eiid .The h i lideas t if es t i matCs tend

to overestimate condlit ions piresent it both Wt;-25 ;mid W(;-(b6 0. 5 ft hligh) hut

at WG-68, the di fferesnces in the two data sets are negligible. 'te T'I hill,]

cast resuilts compare favoraht iv t all three gage Sites except (iu ri nig l ong-

periodi wave activity.

59. The fourth and fifth storms occurred during 1-4 January 1982

(Stormn 4A) and 5-8 Januiarv 1982 (Stormi 5A) . The winrd speedls averaged approxi -

miately 10 knots and 7.5 knots for Storrs 4A arid 5A, respectively, Th Ie wind di-

rections generalliy remained constant ajt 165 dleg and 170 (leg for thre two events.

The measured wave dlata fo I lowedi thte t rendis es tab I i shied iin t lie thfree previous

storms where tire T data i ns iuie the hay rangedl t rom 2. 0 t o -3.0 sec, whilIe
p

*the wave condi tions out s idle the hay (WG-68 ) osc illIa ted f ror predomi nant ly

short- to Ilong-per iodf waves ( Fi gures B 10- B12) The If1H results indicate 7-

that for wind speeds less than anruproximately 10 knot s , thle re i s nio app)rec iat)lIe

en ergy inr t he a rea ( Fi gii re s HI 13-.,. 15) Max inriumi H MOoccurred at WG-68 arid] for

the 5-day period never exceeded 1 .5 ft . The hi nrcaS t nesri ts againr coimpiare

reasonably well with the mneasred datai. For low wave corolit ions, tire hiindeast A!

If t enids t o ove rpreri i c t t he ga ge nesur[ Its hu111t I I tI e reiw cS he tweeuit het t wo

*S e t S set loin ex ceeI0 12 5 f t

* Percent occurrence'

mId( ext reme comrnj nsos S

60 . TIwo iddn t i orra I t vjtes 0 t ripai r i S s is we re iratrif tL I ii r t lien ye e i Itv t hrt

-SlbWII techn i quie - -pri'cenit OCeH-rurneri 1. arid c ros s ) iS . lir ron ia -i sroui teIn. I II I I I I

-we re Ius edo to ies c r i hiiv t he I I lt il i (Iom f rt r- )I t tite l ii fi mdcla littn I. F i e vi I rIi-

tiouti of-t tile 11ii 11ud(aISt wa.Ive cI, I i, i t I n rs r-e I atL I ei t tw-iv e n i iIrat e rep1 ri seIn L t t I is
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Ii~ tt tllihi s I s Ii) s t lit t'il t urtc'tf )fI tig-t t'rill utiiipjt~ r ISolts of fleanls trild proba-

I tv IsIt rI ll t I if I i I it hI It thet( t Iiilt' fIt I to fit heve reiovt'il I it alIl stibse-

It't [I!,~t f~t itI l kh tt %i-I feis I ts wirt I-( p I t el I d(-(-ord ti g to theit gage

Is V.I t I I w hV t t' I ilit 11 f t It l Ie "ii,'iii't r.tiiitiii efr )r i it t fiest conpa r i Solis

I t r 1~ 1) 14 1 t it Ift t liwtti tL SIVeI I fiol ist I s I IItl observetd wav e

c t ItI i t'tt ft llt(ii tltj iltv AS iSotja tet- w it Ithe it sta -

-,t I of .- I Il t, % % t' k I Iiiitd t f- it a VI 't" Ie I 10 C t Ion U ) ne mus t be

L til 'ti llu Iti de I!-ot ittji'1 lt'r be a ifialI wa ve cold i t ioils

I ll, U li 1 !1l 1" 1- h 1 t n issilei' t h~it di stiiipI E, pe r i l olt 1,024 sec

III 'Vt- I I I liltit U t t he iver.1ge (-oili t ion s ex is ting for that

pt I k'Ilt 1 rItIt lr \',It fictiftto,I th Iftme otI orig-termi, coft mnuous (def ined here

ks Lt tittt IitHhilI i I tt'\eiv t i ols pe r lay overI d tr'o longed per iod of tinre)

HI tntl 'I rs t I I II il Isi-t t In( I fIiiS ist(eiicy in the actual and measured

iOntI ' 'i -

eLi eh vcjtt , I I ti 1,,fr( tiit ((cirre'ice for IfH and T pis

Ot111),) l. I fihe fit I rc-I 1(; it iI ts i -I'I rdttedI in to If[D intervals of 0.25 ft

'Inld I iit ne rvij I s to tI si( 'Ilmese plots i1re generated for comparison

1)u1rp1)o sets onlIy anrd S hould ItIA h~te C ontst r net ais the rep res en tativye wave climate

expected for each spec ifie el I to ii

(3.F i guire 26()1t i sp I ays It het pe rcent occur renice of H and T condi -

t ious fo r WG-08, Iocat et soth tt At cha fa Iava Bay. There are large differences

ithe two resul Is Fe H ut1 dit iorts between 0. 25 to 1 .0 ft , whereas the

OAt f'I'its Shotw ontly s I ht ( less th-in I1.0 pe rcent ) difIfe rences in all other cate-

- Litrits Thi' tail of the flist riltii ittn is well approximatedl by the hindcast

I t-1 mdti tfilt one( (ijt tgttfv lower thani the nieasutred results. The overall

iltft IIf sloiws thit the[i' il iitrst (tltt(id terit ical ly with the measured re-

',,I t ,Ard-11. nI S i i f t fi'It Ii lidtIst t imer-hli stttrv tended towardl overpredict--

I I' t l It, V, I I i"fr t i glut' -If) Sf1055 t hit by removing the time de-

jwtl tltit %- ht f i it ril t t I inI t s Ittk x t ri'i1itel % g oo)(I. fn a cI imatot-ogical sense,

i ft t it IfI t~t t t It-ittlIlI well Ii ec. , itis Ittho ranlt', (,I- nearlIy t he same , proba-

!,Ilt it t I i1rt It, iti I it t F Ant)il t n lt( ok (iur thenl the bids in the

liltlIt I I Ii it U s lft'isr' o-it Iv tfit' rt's [II t 1 1 Fti in Fi ure 26

l,. it' Y1 rt's I ts sl(its tltht t large, port i ii ( 26 jtercent ) ot the wave

I-t I I tit)ltll stoitli it Ati l~lti lavy ay irvv aI'rootli(e' iii the G'uft of Mfex i co.

bet rit. vi' iel'io iv .1lti(1tmIt w I ti IIt fie st' loIng - Illr Io w Ve s t yptica IIv amounlt s

00
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to 23 ji tt'rit ofI thIfe t 0t 1 e 11e rgy t uit ri tfie, spec't rI-11 (ext I ud Irig t he ext r'eri

AsM, shown ini F igurie I7? Th IIto tiiiic, s t 'es ifI t s hVised on to he et cti- I I i) taIt i (ri1-I

I I it- ( F I gorie I i t .iiiit I cii 2 2) spir't'id t let liieres t i ili t I, i ri 1lunig-pie I Ii odwajvc

"Ild I I ols over ctte eit ire dI L r i holt jun ('1 ir1ie t he I orig-peI ol .aves ('~t e r

Alti~ i a1, 1 11a Bay , t h' enier-gy is atbs I-bed'i li th li- tt t ciii, is hiI e Sc'i'i in1 sub[-

si'qiierit t i gtores ( .indi shown ini PART I I

05. The tie renit otccrerire ot 11 arild T I U- r W G - 2, is di spkie I Uyt

* ti gort'2,'. i.)nie usi Id Atch I lava Hayv, t tie, pe rcenit o( 'ii ft[iUu hl

*geiret t'I wives siihs~ t int I 'I I I v dec reases I I rom 20 pe rcen t a t (6-6 t o 7 pe t('Uit

. it NG-2') The' 1i iridcast 1Ifl list i-it l ho il represelits Lte measiii-e'l COridi Lionis

f tr I rsi t s gre-a t CeI- t fham 0 . /75 ft arid] zeroes out at theit idellit i Cal It categorIY

oli- w.ve h if ghit s letss t hian 0). 75 ftL , the hti ndcast r if Iorima t i oni usc i I I atLe s ah)o v e

.in h )e l ow the jilteajs IIre (I vatI i e s ; huit over thfe average , th)e hfi ide(Ica st 11 11 falls

.s I Ig Iit I y greater- (ti.04 it or 7. 1 percent ) than the measured condi ti on . The

dfI s t r 1iurt i on genercat ed by thIe SWUM' i spl 1ays nea rlIy id(e (ItickalI re su It s ves t ah-

s I I t I IIt t lt, miea sui red d at a s et , w i t If ex cep t i on ofI theit I o rg - Ili r- I rot , Gil If

ge iie[-.I ted WajVe cunid i t nuof)s. A t t hr s s tatL i on I oca t i on , a pp rox Inia telIy (JO0 p r cen t

of the measu red T p Ii I f o ria t i on i fies within the range between 2.0 to 2.3 sec,

wthe'rea s fi the other two locat ioris (WG-68 and( WG-66 ) this percentage decreases

sigmnifIicantly. Geographical and] bottom top~ographical constrainits ,.t WG-25

I ii fit s i gri i I i t-arit w ,ave, g rwt It a rid a re aleua t e I rep resen ted by t he hfi fidcas t

'The r-einla if]i irig sl'it I st calI d ist ribut ions based on measiired arid hfi nd-

ta,tL wive i it or-iiiat i cii for- WG-66 ar-e di spl ayed Iin Figure 2F). The br-oadl trends

I[Ii t he If gage r esui ILs appea r ve ry s iri i ar t o that Itoiir I i F i gure -16 hcr

'IGo8. Tiet't is a spec I i c r-easonl for a diverse Ito p iI at i on of' wave condu it i ons

Lo ex ist it t ifI s paj r't if Iia r I ocoil i oi , es pe c ia IlV very small (0.0 to 0.23 ft)

I I ()nl I t I iris . 'It'l( l arge riirrre r ouI sma I I waves t erils t o dep ress t tie ove 1a. I I

ileini c.1 t1 to 0_58 it , or' witti iri the( range es tabh tstied it Wt>23 . ()ine

risi Iioir' I is r'iulut. be 'I tt r-iliiiut dt o tine I oca I sil terI detuuttic near ttlit, g.igr' It

It i on. As ( I scrisseul ill tART I I I , aj sa er depthI of I I I ft tunils t o '' c I 1 1, '

tel ii 11 g r'epIlem itv i o f t e e t -y d n sp'('t rriiri Ilri so 'to I rig, .r Ilz II g t

.11niriiiit (of urier gv kwoi I ' riot hein' esolved (a Ithouigh it iil IIuxi st vith I ini t 1re

-I t- ,iirf I ir id (Lii' wajve tue i gli L wi It ofi(' I oweUn .- ItI the lost e'rnergy cool I o

fo . ( r i li tel I )I"' tito' enI( t c (l i st r' i ti ioun shownl i ni Fr gutr 28 wonl Id( s i g! I I II -

* i rt Iv cliruge I'll,, mlost dIr'.irit it ('t;irigt wool I of Iii' It thle l ower- errt of Lte if
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dist ribut tun, where the energy level is already low. Excluding H results
mo

l ess tihan 0. 75 f t, thte hindcast modelI adequatelIy represents the measuired conl--~~ litIorIs although uniformly overpredicting the percent distribution by approxi-a
It~~

I mite I 4 percent. The, hiridcast mean wave height is 19 percent larger than that

* ~t ourid iii the mea sured resul It s; but conlside rinrg the loss of the high frequency

ittoiat ion in the gage data, the di fferenice between the two results is not

o. i he It dist rihrjtion generated from the gage results clearly shows

(lIf.I 11I 28) tha t as (;olt-generateel waves plropagate farther into Atchafalaya

liH y thle I r fl nen ce d i m inii s hes .Only 2 percent of the mea su red cond it ions

hadl p eonidi tionis greater than 4.5 sec, whereas outside thfe bay (WG68),

b t) l(eit (it t lie wave c I mlate wats under the influence of long-period waves.

Tlhiis shows that IlocalI wave gene rat ion chtaracteri zed by extremely short-period

waves .(lit ro Is the wave env ironment in Atcha falIaya Bay. Althbough the hiridcast

model i verprt-d icts the percentages in TI categories fromt 2.5 to 4.5 sec, the
* P

g reat LeS t i I f fevrerte i s onlIy 6. 0 pe rcent

t)8 . A f ma I compa rison is made between ext remte storm wave conidit ions.

The( If restilts were derived by select ing tire largest 10 to 20 storm events

withItin the gage samiii ing period. The max imium fHm fromt a particular event

was recoverted. The dates for these events were then use(] to scan the hindcast

*rt'si ts to) so lvet the m1aXiilu 1i from the same storm. The maximum H
MO1 mo

-a1( It iyn Ir it itei rea ey prd i II timine (la g t ime ca us ed b y n oip ro p aga -

iont fl wave, wit t ion)(s I If the hiudeas t model ) I ht are representative of the

evet. 'I Ill. oiriri sons are shown iii graph icalI form (Figure 29) and are also

f1111(1 it] TIlabI Fligure 29 shows that the hi ndcajst results under extreme

Sto rIri wive orillit ions do riot clearly show a bj as townard ove rest imat inrg or uin-

lerestiitting the rneasiireel in format ion. The trends shown in Figuire 29 follow

tit, risli I ts ftoiiid i i hot Ift the t ime-h is t ory 'jnd pe rcen t oc en r re rice co)mpa r 15 sons

TIllhe lI Ilc st mtodle I iule rp red I it s thfe resuIl t s aIt WG-68 cnused by rieglI ee t Irig

Ut I I f- genfe raIt eil waves a fidl 1)r i mla r i I v ove res t i ma tes thet( measured (-nolI L t oils a t

W-'(;-f(o , wherte h igh f rehimericV ene rgy i s l ost inr t he gage da ta becau tse ((I the f(

wlter, dtepth . [Tie mean 1111( vilI es for the data sfots are plot ted aind their r-e -

* ~sial t inrg difIf erence slows t hit thle hi nulas t model is 2.0 pc rcerit (or 0.0 1 ft

larger than the, ieasured results.

6~ it stimnna ry , wavej mtt or-mat i on de r I veul f rom thte SWWM comnpa res f avor-

JI v w i t ht he( gage data f or nea r Ily all wi ridl anglIes (from 0 to 160 dleg) ;thus
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PARI IV: ONE-YEAR WAVE HINDCAST

Ifit roduct ion

,o. 'l1hP vei t i,f SWW'MI is desi gised to compute wave conditions ;it arhi -

i.r ly s,-ltecte : loctt ious its Atctafalaya Bay. All wave conditions geritrated

,550550 (<tOl ,taflt watt depths over t ime, therefore neglect ing changes in the -

wi t t e 1 evat i u[ ("Iu":,d by tides, surges, and freshwater discharges. In order -

to improve omplitatitriai eftici ency, a polar coordinate system is se-lected

where.in the origin is placed at each ot the 10 selected station locations

C(lahle e an d Fgigure I ). Fetch-length rays are projected outward from the ori -

giit it lO-deg intervals. A total of 36 rays exist for each station. The

selection of the 36 rays assures that the variability of the shoreline bound-

,iries is accuirately described. Fetch length and water depths are discretized

into 10 subsections along tht total length of each ray. The water depth

sel ctcl for iadh sutbsect ion is averaged from available NOAA bathymetric

charts (dated 1977). The parameters h. (discrete water depth), F. (dis-

/ 10
crete fetch length), and F otal fetch tength , where F t = F then

become direct functions of a given wind direction. In many instances, the

wind direction wi I I not correspond identically to a given fetch-length ray.

WheOs thi s occsrs, a new F (0 ) and h. (F , 0 ) are computed via linear

int.erpolat ion betweern two di screte fetch- length rays.

7 1. 'se iniput coridit ions to t lie SWW'IM are the wind speed (adjusted to

10-m elevat ion) al the wind di rect ion. The proper fetch length, Ft , and

w.,iter depths, h. ati then selected tor each station for the given wind di-

rty t ;i. This Ilrocslure is tol lowed tor every 1-hr interval using the approxi-

i, tely ;-vt-ar peo-r lt ff wind jl fit a recorded (hFbersole 1985).

()fi,-Year Wave Htinldcast Products

lsts sect lo(I of thy' riport is itstendtd otilV to serve as a general

ft:s ci t O t of I Ivpl w.lv,' fi riC t e r st ics s tsch as height , period, antd

Illh i,. tieter 0 is till, predomh inant win(d angle measired in degrees azi-
lilith, "fr ll whi tlfs thIov tilli,."

r:_ -

- -- , " ,""--- -" '---"- " s;' --"



dIirect ion of wave propagation. More detai led1 ariaIV51Si of one~-dimeijonalI spec-

*t rai I propert ies and interrelations between various wave pa rameters re]lated to

stLo rmi clirracteri st ics are beyond the scope of this repo r t

713. Thie 1 -yea r h i ndcas t on Iy cons i de rs a s ing Ie popul t tri onof wave corn-

i t 1 ore; de I i ned ats sea (a 1 t hough du r ing penr odis o f time, t be riond irreriorra

peaik f rejiieriy is less thanl 0.13, dlefinred as swell by Hasselmarin et al. (1976)).

Al so all waves t ravel iii the

di rect ion ot the Wi ndl, and the WAVE DIRECTION

wiid( sp)eed mnid diretio j 1 1r-e

asstuned to be tin iform over

Atchafalaya Bay. 0

74. The wave pa ranieters

H11 (Ehpua t i on 2) T 1
(Equation 3), and qj given at
each station every 3 hr for

approximately I year are used

as a basis to construct the 27'9
270' STATION 49

joint percent occurrence

tables found in Appendix C.

When measured wind data were

riot avai lable, the wave condi-

L ions (H , T , rp, and E( f))
1110 p*

were all set to zero and niot

used inr thie analysis . Trhe 180

wav diectonsareassmedto Viguire 30. 1) i rect i on of wave propagatiron
be those f romn which the waves

* are coin g (Figure :30) and] are mieasured cl ockwi se inr degrees from the north

(0. 0 deg)

75. Iwo protuct 5 are present ed:

- . a SeasonalI Perce-nt 0occurrence 'Tab les.

f. One-Yea r Pe rcernt Occurrence Tables.

A br ief descr i I)t i oft of each product is gi von and] i rst rrict i ons oin t herI r uise , 7

ic I rd ing e'xampnlIes , a rt- prov ided .-

Orre-d ieniIora I Irequerrcy spectrar amd HI AnI ,md 1' (di rectironr of
wave- propagat ion ) are stored art 3-hr irtte rva Is for I year (or each stat i on

59)



Seaisonal .1in11  I 'Y'I'

jIt' rcn I octil rricect ta .1)105'

70. Iwo) typeS of tab Ies Are' p r int( ol r ea Ici oif theit two p) roliict s ai

mull h t ;11) Ites and~ al I I di re t oils t ib) es, At each I ocai t i oi, fo b) othI the seasoia I

arid yea rlIy produicts, 16 azimiuth tables anid I a I I-di rect ion tahi Ie art- prinited.

Thie aI. iiniut i tablIes ( F i gire .31) i ve tilte pe rcenit ()ccuicreiicu of c I airui t er i st i

W.v1 V I[] termls oIf height aidl( pteriod ranjjges for a sped( I f e(d s t at I on , s e a s on

Aidd I rect i onl. The t i t le o01 each t abl I denit i 1i es thfe stLat i onl , sea son , 1119gle

laIss , anld %%jt er dept h. lThe anglIe uclass Spec ii I ica t iori Io r each table relire-

set )ts waves (illn rig f rom d irectLi ons app rox ima te Iy I1 .25 (leg t o e i t he r s I de oht

heic I a be l ed (I i rec t i oil Vo r e xamp le , 0I deg rep resents Itii re ct i onS > 348 .75' deg

dan1d I I. 2 l(Ie g. ThIIe wa ve pe r iod( r aniIgecs a re i n 0 . 5 -sec in te rv alIs a r id th e

liet i g irt r anIig es ajret i r 0. 25 - ft i nic reme rit s .Valu tes inr the azimuth tables repre-

senit thet pierc~ent of the season that, waves occur from the speci fied angle class

for tire inrd ica ted he ighit ard period range comb inat ions . The valIue s have been

rmil t iplied by 1,000 to al low more accuracy with less print ing space. Slimnina-

toris of- period anid height, ranges are provided in thre last column anid row of

*.each table. Trhe summations are also multiplied by 1,000. Trhe last line in

each azimuth table contains- the following information for the specified angle

* class, season, anid l ocat ion:

a . The average It
in10

hr. The largest It
mo

C. Percent of waves occurring in the specified season from the in-

diicatedl angle Class.

77 . T1ir al ,I I -i dI r ect i oniIs t abl 1e f or e-ta ch seaIs on ( F igutire 32) i s 1pr i i t il

ant teIr tire 3 7. .5-deg anglIe clIass tablIe fo r thte spec i f ied season. These tables

give tilie pererit occurrence of si gnifIicant waves within the same specified

* ier hvght ainid per ioh ranges cominig from a II dirctclions for the indicated season

.1 id S ta-t I in. Percnt vailues inl the all -di rect ions tables are mulltipl ied by

100tO. 'Illii p.i ririe en rs I i s t ed i n thle l ast I i ne o f t hiis t ablIe a re ider i ved f nun

iIdirectl(iris tot- tire, speciftied1 seasoli . The tot a I riiiurniier oft cases rejireseit s

li fii rIrnIhIit I- I t - hr T ave -age wave c(Win I t iois t hat were hii rid cist drhori rig t he i 'Id I-

I t ed sieon ()Fl JIIs iiriirbe r re t Iv(t s bow much w ind dataL we re *uva i 11 1i e t o

*Se.i soli I islet eririo t t 11roughi Feb rria ry, Season 2 i s Mla rcb t hrough May,

SeIsonl JIs Junie tinroujgh Aujgust inurd Seasoni 4 is September throrigh Novemi1hre

* 00
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STATICH I EASON I FOP ALL DIPECTICJS
WATFO DEPTH = ,Y0 FFEF
PERCENI CU'LPE,,:t(XIOU CF HEIGHT AID PEPIC9 FCP ALL DIPECTICuS

HEIGHTIFEET) PEPICD(SECCNDS) TOTAL

0.n- 0.5- 1.0- 1.5- 2.0- 2.5- 3.0- 3.5- 4.0- 4.5-
0.7 0.9 1.4 1.9 2.4 L.9 3.4 3.9 ,+4 Lu GER

0. 0.24 .01 i14 "15

0 . 7 5 1 .-9C ' 7,
0.10 - 0.7. 317 71 14 [3 1

00 ; - O.2' . . . .0 - 1..+ 0 0 i; 9611.C . L - ]) 4

I 2~.C0 - 24 i ,
" . 5 ''2 49
2 .b 5 -1) f EATER

IOTAL 345i 858 42.S 155 5&

AVE HS(FT) z 0.56 LAPGEST HS(FT) 1.77 TOTAL CA'ES 693.

Figure 32. Example of the all-directions seasonal statistical table

perform the hindcast during that particular season. All calm wave conditions

(H less than 0.01 It) are removed from these tables because of the method
mo

employed in the SWWM. This constraint will not alter the data since: (a) we

are dealing with a very small number of occurrences within a given period of

time in Atchafalaya Bay and (b) the magnitude of H is so small that whether
mo

one considers a wave height of 0.01 ft or 0.0 ft is of no real consequence.

78. The 1-year tables (examples are shown in Figures 33 and 34) are of

the same format described above. These tables (angle class tables and all-

directions tables) are based on the full 1-year data set (or the cumulative

total of the four sets of seasonal tables).

Use of the tables

79. The following examples illustrate how to use these percent occur-

rence tables. In order to find the number of hours that waves with heights

greater than 0.75 ft and less than 0.99 ft and periods between 2.5 and 2.9 sec

are expected to occur from 0 deg at Station I during Season 1 (December, Janu-

ary, February), the value read in the table for the specified station, season

angle class, height, and period should first be divided by 1,000 (yields

0 .143 percent, Figure 31 Then 0.143 is divided by 100 to give the proba-

hi I ity and muIltiplied by the total number of hours i ( Season 1 to yield the

number ot h, ,rs th,,t the spec i tied wave is expected to occur. The simple con-* €
version pro(ess is:

nlumnbe r o0 hot rs
-ii reid in t d l ( of ho r = spc fied wave is (291

1 ,)00 iII t in int erva ted to occur
* S'(tt<I [) O(Cl

t.

*
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TOTAL. 0 529 0z
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FIIre v 3 F'xajm111 of te I 1IyVeIr stt It a taIle

for va ri ous aulgIt ci a~sses,
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Figure 34. Example of the al 1-directioMIs 1-year statistical table

For this example:

..... -100 X 2,160 -" 3 hr
1, 000

The fo I I ow i rIg tab ul at ion lI ist s the approximate number itf hours in each sea Son

tot 1 year:

Number of Hours in
Season Season for I Year

I (D, J , F) -2, ,160

2 (MI, A, M) -2,208

3 (J, J, A) -2,208

4 (S, 0, N) -2,184

80. The a I I-direct i oris tables can be used in a similar fashion. To

find the number of hours waves >1.75 ft and <. 99 ft are expected to occur

within a typical year for Station I diring Season I tot- alil directions and

periods, divide the value in the "total" column for the spe itic Il H range

bv I00, Which yields a t)erceiltL of t). 14 (Fgirtt ve 21. j i''ide 0.14 b ' 100 to get

tie proft.ul I it v, then muI tip y y the fi IIIIIii'r oif hours i Scisorll for VefL' o

Tti , i s

14 100( 2 ,100) fit
100

81 1 1i 1) ;t-( ('fiir ir , .1 v hc iscd vft'i r.i I mig kvi h Iii I i' s~t t I -

toii t ' I - \' .j r t 1's . 'Iii he iiiiftt' i I I 11-1~ i I , I [I li t I 'i. I I) t rvo ( IIIIl 1

o4

* S|
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wives I nil i re riot me.irI ng u I n t he o vi r.i I I hi iil.I st
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Ta b 1 e 2

Maxm m wa1 WkV('-Hei lL l Co d t io-ls

St,,t Ill Yeac, Mouth II ft T sec

N,,m., Day, Ilour Measured (Ii rdcast Measured Hinidcast

W(-68 81103018 1.45 1 .14 2.75 2.75
811 102, 1 1.10 1.06 2.58 2.64
811 10900 1.56 1.38 3.93 3.16
81111003 1.58 1 .65 2.87 4.06
81112000 .87 1.90 3.08 4. 19
81112(15 1.30 0.08 7.73 2.35
811135021 1.66 1 .42 7.73 3.24
81120121 I.69 1 .64 2.05 3.81
81120421 1.44 1.,35 2.87 2.94
8112110; 1.23 1.42 2.30 3.16
81121500 1.75 I.t6 3.50 3.50
81121803 1.50 1.58 3.00 3.16
,S1122009 1.42 1.25 2.87 2.87
81122112 1.65 1.04 7.73 2.44
81122909 1.34 1.49 2. 39 3.16
S 1123100 2..04 1.61 3.24 3.32
82010318 1.34 1.00 6.54 2.69
-82010509 1.01 0.93 2.08 2.48

WG- 2 81103018 0.94 0.75 2.44 2.11
81 1 1 1003 0.91 1.45 2.01 2.87
81111921 1.05 1.74 2.80 3.08
811 13021 1.14 1.28 2.75 3.41
8 1120121 1.22 1.46 3.00 2.81
81 121406 1.06 0.85 2.35 2.30
8 1121500 1.10 1.49 2.35 2.94
81 121800 1.103 1.19 2.30 2.48
81 123100 1.46 1.2:3 2.87 2.58
82010800 1.00 1.28 2.19 2.58
82011021 1.54 1.39 2.22 2.58
82011209 1.05 1.10 2.26 2.22

WG-00 81 110206 1.33 1 .05 2.94 2.64
81111000 1.17 1.65 2.58 3.24

_ 81112000 1.82 1.95 2.64 3.50 0
81113018 1.08 1.43 2.48 3.50
81 120200 1.20 15 2.5 3 3.24
S1121500 1.S2 1 .t4 2.64 3.24
81121721 1. 0 1 .54 2.58 3.01
S-, 122909 1 .17 1 .12 2. 135 2.35

8 ,112 (M )I ) "14 1 .2 2.94 3.24
8-1010)72 1 1 I , 2. 75 3.08
820 114)21 ,5 1 1'1 2.81 3.32
820411 ~4I.2..3 16
8.1(1 I '8 1 K 2.8? 3. 16

* 0q



"'"" Tahle A

Stat ton IA'c.It ions and Water )epths

at er

Stat i ram Depth on1 it ui d, W Lat it u de N

t) 1 
. 2

1 5 1.4 I2.1

" 1.';"A 10.0 I . 5)4 29 . 39

.f ). 0 19 6 . 45)

7) o 6. 2 .) 1

t) 1 I 0 91 t b 29 . ()

1.07 . .11

8 .8 987 29.b 7

98.) 92 .03 29.68

S8. 0 29 .. 7 7

,':, W(;-258
WG-68.

I

* _S

* .5

[1 2 "2



A PEND) X A: N '1RHIE iRLY I NI AND) IAVE; DATA FhRP VER I FICAT ION
)I- THlE SkIA.LOW-WAIF: i WA.\ 1. Mu)E I.

1.psis rested ill thiS .jjit.1jix Mii A! ~ w i giire:; AI-A1) are

dtri e fri'1 fliii~siiire 'iid 'Il flk t ii dluugf ti 11li tiring pro-

41 -mn ill \tkli ai A dVJ 1Biv. V di (,it w-i i: ui i~ ,will ii ri art, ! lie:; (d iL',

t0-11 (Verwattr1 oevit iii), 'iii iidir iill dshui tol III igucr> i.i:iiluuth,

(pjI s mis I iin( I ast ;j iin rea si ur I I -d It re -

S-I Itl d I p II I 'I IIv fidi r" Iei~lr Iv i nt I Iel.



I able AI

Northerly Storm Wind Conditions

t Date
Storm Year, Month Wind Speed Wk rid Direction
Number Day, Ittour knots -deg azimut-h

I I110909 7.9 331 .0

81110912 15.4 '322.3
8111091) 14.4 329.4
81110918 12.6 328.2
81110921 12. 1 322.4
811110(0 15.8 312.0
8111 100 19 1 325.5
8111 100 19.2 332.3
81111009 17.6 342.1
81111012 13.7 330.8
81111015 14.7 321.4
81111018 14.1 333.8
81111021 15.7 333.3
81111100 14.5 20.6

- 81111103 13.9 18.8
81111106 14.5 16.9
81111109 13.5 14.0
81111112 8. 7 33.6
81111115 6.4 301.6
81111118 6.5 320.2
81111121 8.7 315.0
81111200 12.1 13.1
81111203 11.8 27.6
81111206 10.8 38.7

2 81111921 16.9 321.7
81112000 22.9 332.6 _
81112003 22.5 336.9
81112006 22.0 .331.9
81112009 20.4 337.4
81112012 14.2 323.9
81112015 11.7 310.1
81 112018 12.4 331.

3 81122306 14.8 340.1
81122309 12.4 217.8
81122312 11.8 19.
81122315 7.1 07.
81122318 8.7 4!.)
81 122321 12.2
81122400 14.8 48.t)
81 122403 14.1 48.0
81122406 15.9 , S

*Cont rui ed)
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rTable Al (Continued)

).a t e
St,,,i Y,. itt 6Wi nd Speed Wi nd Di rect ion

lL,' I , It ) r knots de azimuth

,1 12240_ 19.1 52.4
1 122412 14 7 55. 7

I, 12241 1 . 7 30.7
8124517-2 '30.]

811242I 14. 5 37.5
- ! I. 3 17.5

S". 81 225 1 1.0 14.0
8 1 122,)00 11 6 17 . 3
81 122509 10.6 25.8

8 122 0 1I0.0 48.9
81 122906 13.0 41 .9
81 12209 17.9 52.4
81122)12 17.5 49.2
81 122) 15 15.6 49.2
81 122 18 18.9 79.5

_81122921 10.2 60.6
81 1)o00 9.4 55.7

I 121(10 13.2 58.4
I "' 00, 12.3 56.0

K 12 1009 12.7 72.8
8-; 1(12 12.7 75.3
81 12 1fI,12.1 68.1 !

S12 5) ; 10.1 71.0

.' ,()7, 1 19.2 22.2
-I 5 0) 18. 5 19.9

. .1 w 19.5 25.2 7

16.7 25.7 "5
I' ]1 ()1) 10.3 35.0

1 .5 32.8
. 8'7 20.6

', )l); x11.1 25.5

It I .2 13 . 1
)('W' I 1 5 17.5

' 1 .0 17 .0

8... . 1 :I 1 (,.
8.2

1 121.

8.12" 1.4 )
''~~~~ 1 4)I 2' .-- ' .' ,.(. 1 tt 4(

1.

IL.

.. .ert 2 t

le ... .. . . S



II

Tabl e Al ( Cone" I uded).

D.na t e
S to ri YeaJr, MolaLh Wi rd Speed I nI I ( i rt( t )1
Nunber Day , tou r knots lg azx i [111lt h1

820 11009 6.5 50.)
8201 1012 14.9 41.9
820111015 1] .6 1 3
8201 1018 13. 7 30).5 -
82011021 21 .3 16.3 
8201 1)100 19. 1 19).8
82)1 1103 17.2 23. 7
8201 1106 16.5 19.9
82011 109 13.4 38.6
8201 1112 10.0 31.1
8201 115 5.8 60.1
8201 1118 6.2 74.4
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Table B1 (Concluded)

Date
Storm Year, Month Wind Speed Wind Direction

Nunber Day, Hour knots deg azimuth

3A 81122215 11.3 164.3

81122218 5.9 202.7
81122221 9.5 176.3

81122300 9.8 192.0

• " 4A 82010200 9.3 95.7
82010203 10.4 94.2
82010206 11.0 104.6

82010209 10.6 102.7

82010212 10.6 116.0
82010215 9.7 152.3

82010218 8.6 152.3
82010221 9.1 162.3

82010300 10.2 176.8

82010303 10.2 169.0

* 82010306 9.8 158.0

82010309 9.7 150.4
82010312 9.1 165.8

82010315 8.1 176.5

82010318 11.3 192.9
82010321 11.1 207.3

82010400 10.6 250.6

5A 82010515 9.6 139.9
82010518 8.6 137.2
82010521 8.0 118.3

82010600 8.0 152.3

82010603 9.8 172.3

82010606 6.9 173.4

82010609 4.8 176.6

82010612 6.0 165.7

82010615 3.7 171.0
82010618 6.0 170.3

82010621 7.2 170.8

82010700 9.1 176.9

B3
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